Abstract We determined the factors related to left ventricular mass adjusted for body size in 60 black (mean age, 13±2 years) and 40 white (mean age, 14±2 years) normotensive youths. The factors examined included age, sex, systolic blood pressure, diastolic blood pressure, plasma renin activity, plasma aldosterone concentration, and sodium and potassium intake as determined by 24-hour excretion. Sex (j3=13.3, P<.003), age (/3=2.88,/ > <.001), and systolic blood pressure (/3=0.41,/ > <.02) were independent predictors in the sample as a whole, accounting for 37% of the variance of left ventricular mass adjusted for height. Separate analyses were performed for black and white subjects. In the black subjects, age (/3=4.4, P<.00A) followed by sex (/3=11.85, f<.02) were independent factors, accounting for L eft ventricular hypertrophy (LVH) is a recognized risk factor for the development of morbid cardiovascular events.
L eft ventricular hypertrophy (LVH) is a recognized
risk factor for the development of morbid cardiovascular events.
1 " 6 Studies in adults have identified several factors related to left ventricular mass (LVM) and LVH, including age, sex, body size, blood pressure (BP), electrolytes, plasma renin activity (PRA), and exercise capacity. 7 - 15 Furthermore, studies in adults have found that the black relative to the white population is characterized by a greater LVM and a greater prevalence of LVH. 1619 It has been hypothesized that this difference contributes to the greater cardiovascular morbidity and mortality among the black population. 2021 In contrast, studies in pediatric populations 22 " 24 and young adults 25 have not observed racial differences in LVM. The purpose of this study was to identify factors related to LVM in healthy, normotensive black and white youths.
Methods

Subject Characteristics
The protocol was approved by the Institutional Committee on Human Research and the Clinical Research Center Scientific Advisory Board. Written informed parental consent was obtained before testing. The study population consisted of 100 healthy, normotensive subjects. The subjects, part of a larger study examining cardiovascular risk factors in youth, were recruited through local advertising. Race was determined by self-report. The factors examined included age, sex, systolic BP (SBP), diastolic BP (DBP), PRA, plasma aldosterone concen-
Procedures
The subjects reported to the Pediatric Clinical Research Center on the morning of the day of testing. A history was taken from the child and/or parent to rule out the presence of cardiovascular disease. BP was then obtained, an echocardiogram was performed, and blood samples were drawn. The subjects were given instructions (written and verbal) for the collection of a 24-hour urine sample for the determination of U Na V, U K V, and creatinine.
Echocardiogram
An M-mode echocardiogram was performed to determine LV mass. The echocardiogram was obtained with an IREX 730 (Aloka Co Ltd) ultrasoniscope with a 3.0-MHz mechanical transducer, an electrocardiogram monitor, and a Honeywell on-line thermal strip-chart recorder. The subject was placed in the left lateral decubitus position. The parasternal short axis window was used (standard intercostal space technique). An M-mode tracing was obtained at the level of the mitral valve tips, maximally magnified, and recorded at a paper speed of 50 mm/s. LVM was calculated by using the American Society of Echocardiography convention 26 with measurements taken at end diastole, defined by the q-wave on the electrocardiogram trace. It is the convention to adjust LVM by an index of body size. Height and body surface are (BSA) are used most frequently. However, there is not a consensus as to which is the most appropriate index, particularly in youths. 23 
"
25 Therefore, LVM was adjusted for both height (LVM/height) and BSA (LVM/BSA).
Blood Pressure
The methods used in our laboratory for the measurement of baseline BP have been described in detail. 27 Briefly, BP was measured with a Dinamap BP monitor (Model 1846SX, Critikon) that was checked against measurements obtained by a technician using a mercury column and stethoscope to ensure 
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BSA indicates body surface area; SBP, systolic blood pressure; DBP, diastolic blood pressure; PRA, plasma renin activity; PAC, plasma aldosterone concentration; ll^y, sodium excretion; U K V, potassium excretion; and LVM, left ventricular mass. measurement accuracy. The values used in the study were the averages of 10 readings, with 30-second intervals of rest between measurements. The readings were taken with a cuff of appropriate size with subjects in the seated position after 5 minutes of sitting quietly.
Blood and Urine Collection
The methods used by our laboratory for the collection and assay of PRA and PAC have been described in detail. 28 -29 Briefly, plasma samples were drawn with subjects in the seated position into chilled tubes containing EDTA placed immediately on ice. The samples were centrifuged at 4°C and stored at -60°C until analyzed. PRA was measured in duplicate by methods described by Haber et al 30 using radioimmunoassay kits (Baxter Healthcare Corp). PAC was measured by a Coata-Count radioimmunoassay (Diagnostic Products Inc). Our methods for the collection and determination of 24-hour U Na V, U K V, and creatinine excretion have also been described in detail. 28 - 31 Briefly, the subject was provided with a urine container containing boric acid preservative for urine collection. The samples were analyzed for Na + and K + by the Ion Selective Electrode method on a NOVA Nucleus (NOVA Biomedical). Adequacy of the urine collection was determined by creatinine excretion, 32 which was measured on the Nucleus using the Jaffe technique.
Statistical Analyses
All analyses were performed with the statistical program STATVIEW 4.0 (Abacus Concepts Inc). Race and sex effects were examined by ANOVA. Simple-regression analyses were performed to determine the relationships between each of the measures of adjusted LVM (LVM/height, LVM/BSA) and the following variables: age, SBP, DBP, U N ,V, U K V, PRA, and PAC. Subsequently, the significant factors were included in multiple-regression models to determine the independence of each factor and to determine the R 1 for the overall model. Separate models were determined for the sample as a whole and for black and white subjects separately.
Results
All Subjects
Boys 
Blacks
Black boys compared with black girls had greater LVM/height (Fig 1) and LVM/BSA (85 ±17 versus 71 ±14 g/m 2 , P<.001). Simple regression demonstrated that age, SBP, and U No V were related to LVM/height (Fig 2) . Age 0=3.69, r=.45, P<.0003), SBP 0=0.45, r=.30, P<.02), and U Nl V O=0.1, r=.26, P<M) also were related to LVM/BSA. Multiple regression demonstrated that age and sex contributed independently to the model for LVM/height (Table 2) , with a multiple R 2 =A3 (P<.001). Age and sex contributed independently to the model for LVM/BSA (Table 2) , with a multiple R 2 =32 (P<.002).
Whites
The difference in LVM/BSA between boys and girls was significant (80±16 versus 69±11 g/m the difference in LVM/height approached significance (Fig 1) . Simple regression demonstrated that SBP and U Na V were related to LVM/height (Fig 2) . SBP was also related to LVM/BSA (/3=0.44, r=31, P<.05). Multiple regression demonstrated that SBP and U Na V contributed independently to the model for LVM/height, and the effect of sex approached significance ( Table 2 ). The resultant multiple R 2 =.36 (/><.001). SBP and sex were the only factors to contribute independently to the model for LVM/BSA, with a multiple R 2 =.29 (P<.01).
Blacks Versus Whites
Black and white subjects were similar with respect to all the baseline characteristics, LVM/height, and LVM/ BSA mass ( Table 1 ). The slopes between age and both LVM/height and LVM/BSA were significant for the black subjects and not for the white subjects. However, the slopes for black and white subjects were not significantly different from each other. In addition, the slopes for black and white subjects were not significantly different from each other for the relations between either SBP or U N .V and LVM/height or LVM/BSA. Finally, the race-by-sex interaction was not significant for LVM/ height or LVM/BSA, indicating that black and white subjects had similar relations between sex and both LVM/height and LVM/BSA.
Discussion
Sex, age, and SBP had independent effects on LVM/ height for the group as a whole. Sex and age also had independent effects on LVM/BSA. Specifically, boys, older subjects, and those with higher SBP had greater LVM/height. Boys and older subjects had higher LVM/ BSA, with a trend for those with higher SBP. These results are consistent with those of many previous studies in both adults and youths. For example, Daniels et al 24 reported the independent effects of sex and SBP on LVM/height in a cohort of children and adolescents. Goble et al 33 reported greater LVM/BSA for boys relative to girls from the Medical College of Virginia Twin Study. The Muscatine Study 34 divided subjects into quintiles of BP and found that the highest quintile had the greatest LVM corrected for age, sex, height, weight, and tricep skin-fold thickness. More recently, 35 this group found significant effects of age, sex, height, weight, and BP on LVM. Levy et al 12 reported independent associations between LVM/height and both age and BP in a study of adults from the Framingham Heart Study. Hammond et al 36 reported the independent effects of SBP, age, and sex in a study of adult patients with essential hypertension.
The black and white subjects in our study had similar LVM adjusted for height and BSA. These results are consistent with those of the few studies on subjects of similar age. Burke et al 22 reported similar LVM/BSA for black and white subjects 7 to 22 years of age from the Bogalusa Heart Study. Daniels et al 23 found similar levels of LVM/height for black and white subjects 6 to 23 years of age. Also, Daniels et al 24 reported similar prevalence rates of LVH for black and white children and adolescents. In addition, Hinderliter et al 37 reported similar LVM/BSA for black and white subjects with a mean age of 30 years. The results of these studies in youths and young adults are in contrast to those of studies in older populations. These studies demonstrated increased LVM/BSA and prevalence of LVH in black relative to white subjects. Dunn et al 16 examined 30 black and 30 white adult patients matched for age, sex, and mean BP. Black subjects had significantly greater LVM/BSA than white subjects. Hammond et al 36 reported that the prevalence of LVH was greater in black than white borderline hypertensive patients. Arnett et al 18 reported a greater incidence of LVH in black than white men in Evans County, Georgia. In the most recent study, Koren et al 19 found that black relative to white subjects had greater LVM/BSA and a greater prevalence of LVH independent of other risk factors.
We found racial differences in the determinants of LVM adjusted for either height or BSA. For the black subjects, age was the most important determinant of either measure. Sex was also an independent determinant of both measures. In contrast, SBP was the most important determinant of LVM/height in white subjects, followed by U Na V. The influence of sex approached significance. For LVM/BSA, sex was the most important determinant of LVM, while SBP was the only other independent determinant. The racial difference in the importance of age may help to explain differences in the results of the pediatric and adult studies. An examination of Fig 2 indicates that racial differences in LVM/ height begin to appear by age 12 and increase with age. For example, the slopes relating age to LVM/height indicate that 12-year-old black subjects had an LVM/ height that was only 1.54 g/m greater than for 12-yearold white subjects. However, the difference increased to 25 g/m by the age of 18. For LVM/BSA, 12-year-old white subjects had a slightly greater LVM/BSA of 0.4 g/m 2 . However, by 18 years of age, the LVM/BSA of black subjects was 22 g/m 2 greater. Extrapolation of these data suggests that racial differences would appear in adulthood.
Two other results of this study are worthy of note. The first concerns the percent of variance accounted for by the multiple-regression models. None of the models accounted for more than 43% of the variance of LVM adjusted for height or BSA, leaving the majority of the variance unaccounted for. However, the models accounted for more of the variance for black than for white subjects. Second, the results were very similar for LVM indexed by height and BSA.
In summary, sex, age, and SBP were independent determinants of LVM adjusted for body size in a sample of black and white youths. However, different models were found when the black and white subjects were considered separately. For black subjects, age was the most important factor, followed by sex. For white subjects, SBP was the most important factor, with U N ,V contributing to the model for LVM adjusted by height. The age-related increase in black but not white youths may help to explain the differences in the results of pediatric and adult studies. As such, they are consistent with the hypothesis that increased LVM contributes to the increased incidence and greater prevalence of cardiovascular disease that characterizes the black population. 20 -21
